Objective: Neonatal seizures are common, difficult to diagnose and treat, and associated with a great mortality rate and long-term risk of neurodevelopmental impairments. We aimed to determine the etiology, clinical presentation, and neurodevelopmental outcome of neonatal seizures.
Diagnosis is nevertheless not an easy issue, as the most efficient diagnostic tools, such as video-EEG, are not easily performable (5) , and available diagnostic tools, such as computed tomography (CT) and magnetic resonance imaging (MRI) have insufficient accuracy for diagnosis of all lesions (13) . In addition, although EEG is the most commonly used diagnostic tool, the accuracy of results are observer-based and various systems have been suggested to increase its performance (14, 15) ; thus, studies have suggested a higher accuracy in using a combination of methods (13) .
Initial therapy by common medications seems to be ineffective (16) , and the rate of neurodevelopmental disorders and mortality are high. 
Materials and Methods

Study design
In this descriptive cross-sectional retro and prospective study, neonates referred to Mofid Iranian studies have declared a prevalence of 2.4%-9% for neonatal seizure with a mortality rate of about 14% (3, 4) , although studies in other countries have reported higher mortality rates (about 17%) (5, 6) and another study found no difference in mortality rate between neonates with seizure and neonates admitted to NICU without seizure (7). Thus, it seems necessary to dig out the reasons underlying the neonatal seizure and factors associated with its mortality. were born through cesarean section, 24% were born by normal vaginal delivery (NVD), and 7%
were born by NVD with problems. Only 25% had a positive family history of neonatal seizure.
The Apgar of the fifth minute was 7-10 in 72%
of neonates, and < 7 in the rest 28%. Among all neonates, 73% had NICU admission and 23% required mechanical ventilation. Regarding seizure type, the most common type was multifocal clonic seizures (45.5%), 20% tonic, 13% focal clonic, 13% subtle, and 9% myoclonic seizure. The time of occurrence of seizure was in the first 24hours of life in 18.2% of neonates.
Neonatalogists were included and then followed for neurodevelopmental outcome. Any neonate who was not followed up was excluded from the study. with MSUD (maple syrup urine disease). The main etiologies of seizure are demonstrated in Figure 1 .
As shown, 39.8% were unknown, while the rest of causes were less than 10%. Neurodevelopmental assessments showed that 64% were normal, 27% had global delay, and 9% had motor delay.
Positive family history of epilepsy, low Apgar score and epilepsy were significantly associated with adverse neurodevelopmental outcome, but the rest of variables were not (Table 1) .
Discussion
The results of the present study indicated a mortality rate of 11.36% during a mean follow-up period of 21.4±6.4 months among 88 neonates with seizures, who were male-dominant, and mostly born term with normal BW.
The mortality rate reported in the present study is in line with previous Iranian studies, reporting a mortality rate of about 13%-14% (3, 4, 17) . It is noteworthy to mention that most studies have established HIE as the most common diagnosis (2-4, 17, 18), which is similar to the results of the present study, indicating the emergent necessity to pay more attention to neonatal/maternal care during delivery in Iran, as HIE is difficult to treat and associated with adverse outcome (19) . In addition, the frequency of infection in the present study (5.7%) was lower than the study by Lai et al. in Taiwan (6) and an Iranian study in a rural area (7), both reporting a frequency of nearly 8%, and much lower than the study by Sabzehei and colleagues (24.4%) (3), while the percentage of unknown causes was higher in the present study than previous studies (3, 4, 6) , which might be due to the high rate of neonates being discharged by parents (10.2%), and unwillingness to undergo LP (33%), and imaging (15.9%).
Early-onset seizure was identified as the most common time of occurrence in the present study, which is consistent with the results of previous studies (3, 20) . Moreover, male-dominancy of neonates with seizure in the present have been reported in some previous studies (3, 6, 7, 17) that suggests more accurate investigations in male neonates, suspected of seizure.
The most common type of seizure in the results of the present study was multifocal clonic seizures (45.5%), which is similar to the results of the study by Gebremariam and colleagues, while some studies have reported subtle seizure as the most common type and clonic seizures as the second or third most common type of seizure (3, 4, 6) , which might be due to the demographic and epidemiological differences in different studies or the accuracy of different diagnostic tools used.
As the type of seizure is associated with longterm neurologic outcome (21), it is suggested that more accurate diagnostic tools be considered for appropriate diagnosis of neonatal seizure.
In the present study, adverse neurodevelopmental outcome occurred in 36% of patients, which was significantly associated with positive family history which is in line with the results of the current study, but another study has confirmed the association between gestational age and adverse outcome (22) .
Pisani and colleagues have designed a scoring
system based on factors associated with adverse neurologic outcome, in order to be able to predict them, which mainly include birth weight, Apgar score, primary neurologic examination, cerebral ultrasound, efficacy of anticonvulsant therapy, and status epilepticus (25) . The rate of adverse outcome of neonatal seizure had remained unchanged (18) ; therefore, it is essential that healthcare staff, including doctors and nurses, pay sufficient attention to the risk factors of neurodevelopmental delay, as proposed in the results of the present study, and educate mothers in this regard, as well, in order to be able to reduce the rate of this morbidity.
As posited, efficacy of anticonvulsant therapy is an important issue in occurrence of adverse neurologic outcome and multiple treatments have been suggested (25, 26) , but the results on the most appropriate drug regimen seem to be controversial (27, 28) . In the present study, the most commonly 
